Abstract As genetic advances become incorporated into health care delivery, disparities between developing and developed countries may become greater. By addressing genetic health care needs and specific differences of developing countries, these disparities may be mitigated. We sought to describe the attitudes and knowledge of subjects with hereditary neurological diseases in Mali before and after receiving genetic testing and counseling for the first time. A questionnaire of attitudes and knowledge items was adapted and piloted for use in Mali. We found that the majority of subjects had positive attitudes toward genetic testing and counseling, both before and afterwards. Subjects responded to approximately half of the knowledge questions regarding hereditary transmission correctly before and after genetic testing and counseling. Neither overall attitudes nor knowledge scores changed significantly from baseline. Concerns about confidentiality were expressed by the majority of subjects. These findings indicate that, despite limited knowledge of patterns of inheritance, Malians understood the sensitive nature of this information and were favorable toward receiving genetic testing and counseling for diagnostic and prognostic purposes.
Introduction
Genetic testing and counseling have become standard of practice in many developed countries to confirm the diagnosis of hereditary diseases. Certain genetic conditions, such as sickle cell disease and glucose-6-phosphate dehydrogenase deficiency (G6PD), are checked regularly on all newborns in developed countries so that treatment can be initiated promptly (Carreiro-Lewandowski 2002; Bodamer et al. 2007 ). In Africa, many genetic conditions including sickle cell disease, G6PD, thalassemia, and porphyria, among others, affect millions of people but confirmatory genetic testing is not readily available; many are not even exposed to the concept of genetic testing. As discoveries in genetics contribute increasingly to health care delivery, the integration of genetic health care in the developing world is an important goal in the minimization of health care disparities (Modell and Darr 2002) .
Various factors are important to recognize in the appropriate delivery of genetic testing and counseling. These include differences between health care systems and societies, fear of stigmatization, access to treatment, and varying attitudes toward receiving a diagnosis (Berth et al. 2002; Tan et al. 2007 ). Acceptance of genetic testing is also influenced by knowledge and attitudes about testing, yet this relationship between acceptance and knowledge and attitudes is poorly understood (Rose et al. 2005; Morren et al. 2007; Tan et al. 2007 ). This implies that, in clinical practice, genetic testing and counseling should be developed in a prudent manner (de Villiers et al. 1997; Penn et al. 2010) .
Patient attitudes and knowledge regarding genetic testing have been studied in many countries. The majority of findings show that attitudes toward genetic testing are overall favorable and knowledge scores are higher among more educated individuals. However, these research results are mostly limited to highly educated Caucasian individuals in developed countries (de Villiers et al. 1997; Rew et al. 2009; Etchegary et al. 2010) . Few such studies have been performed in developing countries, particularly in subSaharan Africa. Four South African publications and two Nigerian publications have reported results regarding attitudes and knowledge about genetic testing and counseling (Ebomoyi 1988; de Villiers et al. 1997; Moronkola and Fadairo 2006; Basson et al. 2007; Futter et al. 2009; Penn et al. 2010) . Although many of the subjects in these studies were again highly educated, white individuals, some subjects were of black or mixed ancestry (Basson et al. 2007; Futter et al. 2009 ). Less uptake of testing in the mixed ancestry population may have been due to lower education and socioeconomic status (Futter et al. 2009) . Findings from these studies showed that patients participated in hopes of reducing anxiety, planning for the future, finding a treatment or cure, or to increase potential of treatment/cure for future generations (Basson et al. 2007; Futter et al. 2009 ). Regardless of positive or negative results, subjects had no regrets about participating (Futter et al. 2009 ). Also, despite the negative psychological impact of the diseases, subjects wanted to have children (de Villiers et al. 1997) . They worried about their family members with disease and about developing the disease, but, other than in the case of sickle cell disease, had low knowledge of their own disease risks (de Villiers et al. 1997; Moronkola and Fadairo 2006) . Identifying the mutation causing their condition did not change their lived experience (Basson et al. 2007) . Understanding the culture of the subjects was important to the appropriate delivery of genetic testing and counseling (Futter et al. 2009; Penn et al. 2010) . As in other studies of genetic testing, religion was a theme as well: turning to God helped contain fear and anxiety and resulted in a positive psychological impact of strengthened religious conviction (de Villiers et al. 1997) .
To gain more insight into the impact and appropriateness of delivery of genetic care in developing countries, we provided genetic testing and counseling to patients in Mali, West Africa, for hereditary neurological conditions and assessed the attitudes and knowledge of the subjects before and after the testing.
Methods

Ethics statement
We obtained approval from the National Institute of Neurological Disorders and Stroke (NINDS) and Johns Hopkins University School of Medicine Institutional Review Boards and the University of Bamako Ethics Committee for this study. Subjects provided informed consent for the collection of questionnaires and biological samples and for subsequent analyses. This study adhered to the principles expressed in the Declaration of Helsinki (2008) .
Study purpose
This project was part of an ongoing study at the NINDS, where patients with various hereditary neurological diseases are seen in a neurogenetics clinic. As many neurological conditions overlap in their presentation and are difficult to diagnose by clinical examination alone, a neurologist in Mali (MT) sought collaboration with the Neurogenetics Branch at NINDS through the National Institutes of Health (NIH) intramural site in Bamako, Mali. The goal of this collaboration was to provide genetic testing to substantiate or redirect the clinical diagnoses for patients seen in the intramural site in Mali. Because this was the first time the Malian patients were exposed to genetic testing, we evaluated their attitudes and knowledge about genetic testing and counseling to better understand their needs and expectations. A questionnaire was therefore administered before and after genetic testing and counseling, if appropriate. All evaluations were provided to patients free of charge. The biological samples collected in Mali were used for clinically indicated genetic testing. The samples were stored behind locked doors in both Mali and at the NIH while the test results were pending.
Sample
To be enrolled in the study, individuals were first screened in the Neurology Department of Point G Hospital in Bamako. Eligibility criteria included those with a familial component or a phenotype characteristic of a hereditary neurological disorder. Children under 18 and individuals with cognitive deficits were excluded. Thirty-eight people from different regions of Mali who were screened at the Point G Hospital met the initial criteria and completed precounseling questionnaire. Malian physicians and investigators from the NIH then evaluated them and proposed a set of genetic testing to confirm the diagnoses. The postcounseling questionnaire was administered 3 to 6 months after the pre-counseling questionnaire, once genetic test results were confirmed positive. Genetic testing results were returned to them by the genetic counselor together with further genetic counseling, followed by administration of the post-questionnaire. Seven were not eligible for the post-counseling questionnaire or did not complete it.
Of the 31 adults for whom pre-and post-counseling data were obtained, 18 probands received positive genetic testing results for their familial diagnoses, which included muscular dystrophies (Duchenne, limb girdle), ataxias (ataxia telangiectasia, SCA3 and SCA7), myotonia congenita, Lafora disease, and Kearns-Sayre syndrome. Thirteen respondents received negative or inconclusive genetic testing results for phenotypes of hereditary spastic paraparesis, limb girdle muscular dystrophy, and non-specific mental retardation (please see Fig. 1 for flow of study and Table 1 for details of the total number of positive diagnoses, which includes immediate relatives of probands).
Genetic counseling
The genetic counselor discussed the risks, benefits, and limitations of the proposed genetic testing. Though the counseling was tailored to the affected individual, patients were questioned about the impact of disease on the individual and on the family, along with assessing the patient's perceived cause of the disease and what they felt was the preferred outcome of their research participation. Counseling was provided both before the genetic testing was performed and at the time of results disclosure, to assist patients in understanding and processing the psychosocial implications of the testing. The genetic counselor also included an assessment of the patient's support system.
Genetic counseling was provided in English by a genetic counselor from the USA (ALP) and translated by a French or Malian physician into French (the official language of Mali) or Bambara (the most common primary language). Visual aids were created to assist in explaining genetics concepts such as DNA, chromosomes, and mutations to the Malian participants. Each counseling session was interactive and tailored to each patient's condition, lasting approximately 1-2 h. Affected adults were asked if other family members could be present, and only those permitted by the affected individual were included in the counseling session.
Instrument development and pilot testing
A questionnaire was developed to measure attitudes and knowledge toward genetic testing and counseling in Mali. Three items were created after reviewing the literature (Pieterse et al. 2005 ). In addition, 26 items were adapted from previous questionnaires, including the NIH Cancer Genetic Studies Consortium core instruments, the Hemachromatosis and Iron Overload Study, the Johns Hopkins Study of Cystic Fibrosis Carrier Testing, and the Outcomes of Education and Counseling for Hereditary Nonpolyposis Colon Cancer Testing Baseline Questionnaire (Bernhardt et al. 1996; Lerman et al. 1997; McLaren et al. 2003) . Finally, questions regarding demographics, spirituality, general health, and neurological disease history were added.
To establish content validity, the questionnaire was reviewed by a group of five content scientists from the USA. The experts had over 15 years of experience each in For the final sample of 31 adults who responded to the questionnaire, the relationship to the tested, affected individual in the family is shown in the box furthest to the right genetic counseling and questionnaire development (Elizabeth Thomson, Donald Hadley), international health (particularly in Africa), and questionnaire development (Peter Winch, Benjamin Wilfond, and Lori Leonard). Each expert reviewed the questionnaire separately and provided suggestions. As Mali has a story-telling tradition, experts suggested adding three vignettes related to genetic testing and counseling, and place five to six attitudes questions after each vignette. Six knowledge items were written in the form of true/false/don't know. For the 23 attitude items, Likert-style questions were developed since this format had been used previously with success in Mali (Leplege et al. 2006) . The final set of 29 questions (six knowledge items plus 23 attitudes items) was then translated into French, the official language of Mali, then Bambara, and backtranslated into French. Discrepancies between the three languages were then reviewed and agreed upon by one of the official translators (fluent in all three languages), two Malian physicians (GL and MS, one fluent in all three and one in French and Bambara), a Malian psychologist (SC, fluent in French and Bambara), and an American nurse (KGM, fluent in English and French). With the exception of the official translator, the questionnaire was administered by these same individuals at both time points.
The translated questionnaire was pilot tested in ten subjects from five Malian families with hereditary diseases. Proportion of correct responses to the six knowledge questions was generally low for four items, while two were answered correctly by the majority. Nevertheless, all of the items were felt to be important and hence were retained in the final questionnaire. The six knowledge items yielded a reliability (KR-20) coefficient of 0.35, which was likely influenced by both the small number of items and of pilot subjects (Waltz et al. 2004 ). The 23 attitude questions were completed by nine respondents and showed a Cronbach alpha=0.87. Later, for the baseline questionnaire, four items had a low item-total correlation (<0.2). One of these was removed, but the other three were related to stigma about genetic testing, a topic that had not been systematically examined in Mali. Thus, it was determined that the stigma items were analyzed separately from the general attitudes items. Upon removing these four items from the main scale, the Cronbach's alpha of the remaining 19-item attitudes scale increased from 0.80 to 0.86 (range of item-total correlation= 0.14-0.71). The post-questionnaire with the same 19 items also had a good Cronbach's alpha of 0.88. The three item stigma scale had a Cronbach's alpha of 0.30, again likely due to the small number of items (Waltz et al. 2004 ).
Data analysis
Descriptive statistics were calculated for data regarding demographics, spirituality, and disease history. In addition, means and standard deviations were calculated for attitudes and knowledge toward genetic testing and counseling. The 19 attitudes items and six knowledge items were scored separately. Attitude items were scored on the basis of the four-point Likert scale responses: strongly disagree=0 to strongly agree=3. Responses to negatively phrased items were reversed for appropriate scoring. Total attitude scores were evaluated for favorable overall attitudes toward receiving genetic testing and counseling: attitude scale scores with a sum of greater than 38 represented an average of favorable responses to each item (possible range=0-57). In addition, percentages were calculated for each attitude item based on the binary variable of agree/disagree where the sum of 0's+1's=% disagree and 2's+3's=% agree. Knowledge items were rated as follows: correct=1 and incorrect/don't know=0 (possible range=0-6). For each scale (attitudes and knowledge), preand post-comparisons using the Wilcoxon signed rank test were conducted to distinguish any significant differences in overall scores between time points. Mann-Whitney U and Kruskal-Wallis tests were used post hoc to compare attitude and knowledge scores by gender, age, education level, spirituality, baseline knowledge, positive or negative results, certainty of test result, actual transmission, and relationship to affected individuals. Table 2 summarizes the characteristics of study participants. The largest category of respondents was affected adults, with the rest mothers, fathers, and other blood relatives comprised of siblings, aunts, and uncles. This reflected the mothers' propensity to accompany children to the doctor in this society. Of the 31 participants, gender, age, and education level distributed evenly. The mean age was 39 years (range=19-69). All were Muslim, with 97% praying daily, 64% attending service daily or weekly, and 30% reading spiritual texts daily. The participants were from seven different Malian ethnic groups, with the most common being Bambara (40.6%), which is representative of the general population. Twenty-nine percent were single, 58% married, 3% separated or divorced, and 10% widowed. Seventy-one percent rated the health of themselves, if affected, or their affected relative as "poor" on a scale of good to bad health, "poor" being the worst rating. With regard to their general health, most participants saw a physician (81%), while some saw a traditional healer only (6%), some both (6%), and some physician, traditional healer, and teacher of the Koran (6%) (numbers may not add to exactly 100% due to rounding). Forty-five percent of patients asked others' opinion before deciding whom to see for medical advice. Of those, 54% asked their spouse, 31% their parents, 8% their child, and 8% neighbor. Of those who saw a physician, 23% saw a doctor regularly, while 77% only saw a doctor when they felt sick. Forty-eight percent of respondents had never had a regular check up, but 32% had been seen for one in the past year. Fifty-eight percent stated they had a regular clinic, while 39% stated they had someone they considered their regular doctor.
Results
Participant characteristics
Attitudes towards genetic testing and counseling
Overall, participants had positive attitudes towards receiving genetic testing and counseling (score>38), both before and afterwards. The baseline mean score was 44.8 (range 29-57, SD 8.0) and the post-attitudes mean score was 42.6 (range 34-57, SD 7.0). No significant difference in pre-and post-attitudes mean scores was observed using a Wilcoxon Signed Rank test. No significant differences in pre-and post-attitudes were noted by gender, age, education level, baseline knowledge, positive or negative results, certainty of test result, actual transmission, or level of spirituality, which was captured by the proxy question "how often do you read spiritual texts".
Percentages of subjects who agreed with individual attitudes items are presented in Fig. 2 on a descriptive basis. Before and after genetic testing and counseling, almost all participants favored general aspects of genetic testing and counseling and items focusing on family and children. Fewer agreed with items regarding disclosing results to a spouse, the information helping to decide to have future children, or genetics being the cause of the disease. A few respondents thought this information would not help because "the disorder is God's will" or "one cannot change what one has," but these numbers declined after genetic testing and counseling. Three questions regarding stigma are described separately due to their low item to total correlation with the overall attitudes scale (Fig. 3) . The majority of subjects expressed concerns regarding confidentiality both before and after genetic testing and counseling: the majority of subjects would not tell friends results and were worried others would find out their results. Both of these percentages increased after genetic testing. In contrast, the affirmative responses to the third stigma question, "I would not feel as healthy if I were a carrier," decreased after genetic testing and counseling.
However, no significant pre-and post-differences were found in any attitudes or stigma items when correcting for multiple testing with the Bonferroni adjustment.
Knowledge
The overall pre-knowledge mean was 2.68 (±1.19), with a range from 0 to 6. Post-knowledge results were similar, with a mean of 2.74 (±1.24) and the same range. Overall knowledge scores were below 50% correct before (mean 2.68/6.0 or 45%) and after (mean 2.74/6.0 or 46%) genetic testing and counseling (please see Fig. 4 for percentages of correct responses to knowledge items). However, when the item including the concept of carrier was removed, the baseline knowledge mean was 2.61 (±1.12), with a range from 0 to 5, and the post-knowledge results were 2.65 (±1.14), range 0-5. This represents a correct response rate of 52% (pre) and 53% (post). The knowledge data reflected an increase in scores for patients with low pre-knowledge scores (<3). However, those who initially scored higher (>3) maintained high scores.
When the impact of genetic testing and counseling was evaluated, no significant difference in overall pre-and postknowledge mean scores was observed whether evaluating all six knowledge items or only five of six, less the carrier item. Using the Mann-Whitney U and Kruskal-Wallis tests, no differences were found in pre-or post-knowledge levels by gender, age, education level, or level of Would not tell friends test results
Would worry others would find out results
Would not feel as healthy if carrier Fig. 3 Percentages of subjects' attitudes regarding stigma spirituality. Furthermore, no differences in post-knowledge were found by the type of genetic transmission, the certainty of test results, or whether the results were positive or negative. At baseline, aunts and uncles differed from affected individuals, mothers, and fathers in that the former responded to fewer items correctly (p=047). This was no longer the case after genetic testing and counseling.
Discussion
Although attitudes and knowledge towards genetic testing have been studied in many countries, only a handful of such studies have been performed in sub-Saharan Africa. Yet as genetic studies increase in number and informativity in Africa due to the greater genetic variation in African populations, the perspectives of African people themselves become increasingly important to capture. Consistent with findings in South African and Nigerian studies, our study reveals that people in Mali are favorable towards getting tested and receiving a genetic diagnosis (de Villiers et al. 1997; Basson et al. 2007; Futter et al. 2009 ). As in these previous studies, patients agreed the information would be helpful to plan for the future, know their diagnosis for a potential treatment, and help their children (Basson et al. 2007; Futter et al. 2009 ). Also, receiving positive or negative results did not impact attitudes (Futter et al. 2009 ). Studies in Muslim populations likewise found favorability towards genetic testing (Yumuk et al. 2004; Raz and Schicktanz 2009) . Whereas Raz and Schicktanz (2009) and Yumuk et al. (2004) administered questionnaires to a wide range of subjects, including patients, caregivers, nurses, teachers, and students, our study focused on affected individuals and their family members.
Our findings about attitudes are consistent with studies in other populations as well. Li et al. (2007) did a pre-and post-analysis of US parents' attitudes toward genetic testing for childhood hearing loss. The pre-and postquestionnaires were not paired as in our case, but the results showed that parents of children with bilateral sensorineural hearing loss who responded to the questionnaire after genetic testing had higher testing intention, believed more strongly in the benefits of testing, were less likely to consider the deafness to be caused by non-genetic reasons, and were less likely to defer the decision to test. Affected parents were less likely than unaffected parents to consider that the deafness was caused by non-genetic reasons. On a descriptive basis, we likewise found that subjects continued to strongly favor genetic testing and counseling, that willingness to give blood, a proxy for intention to test, remained at 100%, and that fewer patients attributed causality to stress and bad luck after genetic testing and counseling. More people did attribute causality to infection after genetic testing and counseling. This may be because, for some patients in our study, test results were negative or non-conclusive. In fact, an infectious cause of disease could not be completely ruled out for spastic paraparesis, although testing for HTLV1, a virus known to be involved in spastic paraparesis, was done on three families and none had a positive serology. Thus, the favorability judged by the response to the question, "this information did not help because the disease in the family is due to an infection similar to malaria or HIV" may have been misrepresented.
The high rate of overall favorability in our sample may be a true reflection of Malians' receptivity to genetic testing and counseling. Another possible explanation for the finding of favorable attitudes is the lack of health insurance discrimination, with the overall lack of health insurance in Mali. Health insurance discrimination has been reported as a potential reason explaining why clinical genetic testing is negatively perceived and rejected in the West (Armstrong et al. 2000; Peterson et al. 2002) . Fewer Malians, albeit still the majority, were interested in receiving genetic testing and counseling for the sake of making decisions about whether or not to have future children or knowing the likelihood of transmission to future children. Studies of religious cohorts (97% of participants in this study prayed daily and 64% attended service daily or weekly) seem to indicate that religious people tend to perceive genetic testing as a tool to better prepare families rather than use that information to decide not to have children or to terminate a pregnancy (Thomas et al. 2007 ). However, it is important not to stereotype counselees who may be religious since many factors affect a counselee's decisionmaking process (Ahmed et al. 2006) . The level of knowledge about genetic testing and counseling in the Malian sample was moderate to low, with most respondents answering slightly less than half of the knowledge questions correctly before and after testing and counseling. Genetic knowledge has been found to be low in other samples with subjects who, as in our cohort, have a lower education level (Morren et al. 2007 ). In particular, the term "carrier" was poorly understood, with 90% responding incorrectly to "carriers have the disease in general". When this item was removed, subjects responded to slightly greater than half of the questions correctly both before and afterwards. Our finding is not surprising in that many of our subjects had not likely been exposed to genetics concepts before our study. Thus, the amount of information provided was new to most of our participants, and they were exposed to these new concepts in only two sessions. We found that affected individuals scored higher than the more distantly related relatives in the study. A similar trend has been reported. For example, in a study comparing genetic knowledge between subjects with Parkinson's disease in the USA and Singapore, US patients consistently scored higher than patients from Singapore, but caregivers in both countries scored lower than patients (Tan et al. 2007) . Bedouin subjects with known genetic disease in their families likewise responded to knowledge questions more accurately than those without known genetic risk (Raz and Schicktanz 2009 ). In our study, the knowledge difference between affected individuals and more distantly related relatives did not remain significant after genetic testing and counseling, suggesting that more distantly related relatives may have improved in knowledge.
No significant difference in overall pre-and postknowledge mean scores was observed in the sample, although there was a trend toward increased knowledge among those who scored lowest at baseline. Often, knowledge scores increase with genetic testing and counseling, but the context must be taken into account. For example, studies done in the USA regarding genetic testing and counseling for breast cancer show increased knowledge but often include samples of highly educated Caucasian women (Green et al. 2004; Wang et al. 2005 ). In the majority of our sample, the level of education was primary school or below. Therefore, many subjects in our study likely received information on genetic transmission patterns for the first time. Interestingly, the question regarding consanguineous marriages was answered correctly by over 80% of the subjects, and this percentage increased after genetic testing and counseling. Since consanguineous marriages are common in some Malian ethnic groups, this suggests that genetics knowledge improves more among Malians with increased exposure and familiarity to genetic concepts, as with their Western counterparts. The idea of increased exposure to genetics concepts resulting in improved knowledge retention is further supported by studies in Africa and the Middle East (Moronkola and Fadairo 2006; Raz and Schicktanz 2009) . For example, sickle cell disease is common in Nigeria, with a prevalence of 20 per 1,000 births and a carrier rate of 24% (Sickle Cell Anemia 2006). Moronkola and Fadairo (2006) reported students had a high knowledge of sickle cell disease and of their own sickle cell genotype. This may have been due to factors including the common nature of the disease and the level of the students' education.
We found that patients and families in Mali, as elsewhere, value specific diagnostic information even if they do not have a complete understanding of the type of genetic transmission or risk (de Villiers et al. 1997; Basson et al. 2007; Etchegary et al. 2010) . Regardless of knowledge of the exact transmission pattern, the patients often left with a specific diagnosis and a more general understanding of their disorder. This is an important role of genetic counseling, as the patients wanted to know how this would affect their family, and they received helpful information regarding what to anticipate (prognosis). Thus, although the questionnaire indicated limited knowledge of specific transmission patterns and what it means to be a carrier, which were new concepts for the patients, the majority understood that the condition was in general passed down in families and wanted as much information as possible. This is similar to the situation for many North American patients who may not have a complete understanding of transmission or carrier status, but who find genetic testing useful for diagnosis and prognosis (Etchegary et al. 2010) .
Concerns about confidentiality were expressed by the majority of our subjects, revealing that patients likely understood the sensitive nature of a genetic diagnosis. Studies among African American women show that, although women had positive attitudes about testing, they were concerned about risks and limitations of testing (Hughes et al. 2003; Kessler et al. 2005) . Similarly, although patients in the USA and Singapore had positive attitudes toward testing, they expressed concerns about discrimination (Tan et al. 2007) .
A qualitative study would complement our study and elucidate some of our findings. For instance, it would be helpful to understand why more distant relatives showed more positive attitudes. Such a study might also support our anecdotal findings: in spending time with several subjects, we found, similarly to findings in a study of hereditary nonpolyposis colorectal cancer in the Navajo, some participants completely accepted a genetic explanation for their disease, while others believed in more traditional concepts such as curses (Lynch et al. 1996) . Due to the novelty of the information for many of our subjects, they may have had a difficult time separating an ultimate origin of the disease, such as God or fate, from a more immediate biological cause. Other anecdotal benefits identified that require further research included (1) relief for some that the disease was not a curse or a punishment in response to a bad action and (2) elimination of the need to spend the family's money on unnecessary therapies after receiving a genetic diagnosis.
Several limitations are noted. Before data collection, we expected a more homogenous group of subjects with hereditary neurological diseases of mainly autosomal recessive inheritance. The large variability of conditions and thus transmission patterns (recessive, dominant, Xlinked, mitochondrial, and unknown), however, presented a challenge for the genetic counselor to cover the same material for each family and for the knowledge questions to broadly represent an understanding of heredity. The genetic counselor also noted being less able to rely on nonverbal cues during counseling due to the language difference. Time between original questionnaires and postquestionnaires also varied depending on the length of time needed for molecular testing results. Due to the small sample size, it is difficult to discern whether there was truly no difference in pre-and post-attitudes and knowledge or whether the difference was too small to detect. The recruited patients were known patients of MT rather than randomly selected individuals; this selection bias may have contributed to the positive attitudes toward genetic testing and counseling as the patients in the sample consisted of people who may favor medical interventions. Potential response bias might be due to the fact that Malians felt they had to respond affirmatively when a physician was in the room based on the long-term relationship between the patient and the physician over the course of the disease. Finally, these findings are not generalizable to subjects with other conditions or in other populations.
Despite these limitations, our study contributes important findings to the literature on genetic testing and counseling in developing countries, particularly Mali. We discovered that Malians of all education levels had overall positive attitudes toward genetic testing and counseling, both before and afterwards. Overall attitudes and knowledge did not change significantly before and after the process of genetic testing and counseling. The majority of subjects also expressed a desire to protect their confidentiality, which also did not change. Further research, including a larger sample size and specific hereditary disorders, especially for the knowledge questions, would be needed to further substantiate these findings.
The genetic testing performed in this study was primarily for diagnostic purposes. We believe that people in Mali deserve access to testing if it is available. Moreover, having a genetic diagnosis may help them cope with the stigma of their disease by providing an explanation other than bad fate. The ultimate goal is to lessen health care disparities between developed and developing countries, and our work is an important step in this direction.
